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(57) ABSTRACT 
Formation and etching of an 11 type epitaxial layer and for 
mation and etching of a p type epitaxial layer are alternately 
performed on the semiconductor substrate for at least three 
times to form all semiconductor layers, of the epitaxial layers. 
Thereby, impurity concentration pro?les of the semiconduc 
tor layers can be uniform, and pn junctions can be formed 
Vertically to a Wafer surface. Furthermore, the semiconductor 
layers can each be formed With a narroW Width, so that impu 
rity concentrations thereof are increased. With this con?gu 
ration, high breakdown Voltage and loW resistance can be 
achieved. 

5 Claims, 7 Drawing Sheets 
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METHOD OF PROCESSING 
SEMICONDUCTOR WAFER 

This application claims priority from Japanese Patent 
Application Number JP 2007-238290 ?led on Sep. 13, 2007, 
the content of Which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for processing a 

semiconductor Wafer. In particular, the present invention 
relates to shortening a process of processing a semiconductor 
Wafer achieving high breakdown voltage and loW on-resis 
tance and to a method for processing a semiconductor Wafer 
With improved characteristics. 

2. Description of the Related Art 
As a silicon semiconductor Wafer achieving high break 

doWn voltage and loW on-resistance, knoWn is a Wafer struc 
ture in Which pillar-like p type semiconductor regions and n 
type semiconductor regions are provided so as to form mul 
tiple pn junctions vertical to a Wafer surface. This technology 
is described for instance in International Patent Publication 
No. WO02/067333, Pamphlet. 

In this structure, When impurity concentrations and Widths 
of the p type semiconductor regions and ntype semiconductor 
regions are selected to be desired values, high breakdown 
voltage can be achieved in the pn junctions under application 
of reverse voltage. In the folloWing, the description Will be 
given by referring to such a structure as a super junction 
structure. 
By referring to FIGS. 7A, 7B, and 8A to SC, examples of a 

method for processing a semiconductor Wafer With a super 
junction structure Will be described. 

As shoWn in FIG. 7A, an n+ type semiconductor substrate 
11 is prepared, and an n type semiconductor layer (epitaxial 
layer) 12' With a thickness of approximately 6 um, for 
example, is stacked on a surface of the substrate 11. Subse 
quently, a mask With openings at predetermined intervals is 
disposed on the layer 12'. Then, ions of a p type impurity are 
implanted into the openings to form p type semiconductor 
regions 13'. 

After that, the step of stacking then type semiconductor 
layers 12' (epitaxial groWth) and the step of implanting ions of 
the p type impurity are repeated, for example, for seven times, 
to form a multi-layered epitaxial layer With a desired thick 
ness (for example, approximately 42 um). Finally, the ions of 
the p type impurity are diffused; thereby a Wafer 20 With a 
super junction structure 20 in Which pillar-like n type semi 
conductor regions 12 and p type semiconductor regions 13 are 
alternately arranged is formed (FIG. 7B). 

The folloWing method is also knoWn. 
As shoWn in FIGS. 8A to SC, an n type semiconductor 

layer (epitaxial layer) 22 With a desired thickness is stacked 
on an n+ type semiconductor substrate 21, for example, and 
multiple trenches 23 are then formed, so that pillar-like n type 
semiconductor layers remain (FIG. 8A). Thereafter, ions of a 
p type impurity are implanted obliquely into portions of the n 
type semiconductor layers 22, the portions exposed on the 
side Walls of the trenches 23, to form pillar-like p type semi 
conductor regions 24 (FIG. 8B). Furthermore, insulating 
?lms 25 are buried respectively in positions betWeen p type 
semiconductor regions 24. Thereby, a Wafer 30 With a super 
junction structure is obtained (FIG. 8C). 

As shoWn in FIGS. 7A and 7B, the conventional method for 
obtaining a Wafer With a super junction structure requires the 
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2 
step of forming multiple epitaxial layers so as to stack the 
epitaxial layers in a thickness direction of the semiconductor 
Wafer and the steps of ion implantation and diffusion. Thus, 
the conventional method has a problem that an extremely 
large number of processing steps are required. 

In addition, the pillar-like semiconductor regions each 
have a shape in Which multiple impurity diffusion regions are 
stacked. Accordingly, the side surfaces of the pillars (pnjunc 
tions) each have an undulate form. Thus, there is a problem 
that a depletion layer hardly spreads uniformly in a precise 
sense. 

In a case of the method in Which one portion of the pillar 
like semiconductor layer is formed by oblique ion implanta 
tion as shoWn in FIGS. 8A to SC, the trenches are each 
required to have a large Width as shoWn in FIG. 8A, in order 
to have a uniform impurity pro?le of, for example, the p type 
semiconductor layer formed by the ion implantation, in a 
vertical direction to the Wafer. For this reason, it is dif?cult to 
arrange multiple super junction structures in the Wafer. 

SUMMARY OF THE INVENTION 

The invention provides a method of processing a semicon 
ductor Wafer. The method includes providing a semiconduc 
tor Wafer of a ?rst general conductivity type, groWing a ?rst 
epitaxial semiconductor layer of the ?rst general conductivity 
type from the semiconductor Wafer, etching the ?rst epitaxial 
semiconductor layer to form a plurality of trenches, groWing 
a second epitaxial semiconductor layer of a second general 
conductivity type from the etched ?rst epitaxial semiconduc 
tor layer so as to leave a void in each trench, etching the 
second epitaxial semiconductor layer so as to expose a top 
surface of the ?rst epitaxial semiconductor layer, groWing a 
third epitaxial semiconductor layer of the ?rst general con 
ductivity type from the exposed top surface of the ?rst epi 
taxial semiconductor layer and the etched second epitaxial 
semiconductor layer in the trenches so that the voids are ?lled 
at least partially With the third epitaxial semiconductor layer, 
and etching the third epitaxial semiconductor layer so as to 
expose the top surface of the ?rst epitaxial semiconductor 
layer and a top surface of the second epitaxial semiconductor 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW for illustrating a method for 
processing a semiconductor Wafer in one embodiment of the 
present invention; 

FIGS. 2A and 2B are cross-sectional vieWs for illustrating 
the method for processing a semiconductor Wafer in the 
embodiment of the present invention; 

FIG. 3 is a cross-sectional vieW for illustrating the method 
for processing a semiconductor Wafer in the embodiment of 
the present invention; 

FIG. 4 is a cross-sectional vieW for illustrating the method 
for processing a semiconductor Wafer in the embodiment of 
the present invention; 

FIG. 5 is a cross-sectional vieW for illustrating the method 
for processing a semiconductor Wafer in the embodiment of 
the present invention; 

FIG. 6A to 6E are cross-sectional vieWs for illustrating the 
method for processing a semiconductor Wafer in the embodi 
ment of the present invention; 

FIGS. 7A and 7B are cross-sectional vieWs for illustrating 
the method for processing a semiconductor Wafer in the con 
ventional type; and 
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FIGS. 8A to 8C are cross-sectional vieWs for illustrating 
the method for processing a semiconductor Wafer in the con 
ventional type. 

DESCRIPTION OF THE INVENTION 

Embodiments of the present invention Will be described 
below in detail by exemplarily taking a case Where a semi 
conductor substrate is an n type silicon semiconductor sub 
strate by referring to FIGS. 1 to 6E. 

First step (FIG. 1): Firstly, ann type silicon semiconductor 
substrate 1 With a high dopant concentration of approxi 
mately l><l02O cm-3 is prepared. An n type epitaxial layer 2' is 
formed on the semiconductor substrate 1 as a ?rst epitaxial 
layer by an epitaxial groWth method. The thickness of the n 
type epitaxial layer 2' in this step is to be the thickness of a 
super junction of a semiconductor Wafer. A dopant concen 
tration of the n type epitaxial layer 2' is, for example, approxi 
mately l><l0l6 cm-3 and a thickness is, for example, approxi 
mately 40 pm. 

It is noted that conductivity types such as n+, n and n 
belong in one general conductivity type, and conductivity 
types such as p+, p and p— belong in another general conduc 
tivity type. 

Second step (FIGS. 2A and 2B): As shoWn in FIG. 2A, a 
mask With a desired opening Width is provided on the surface 
of the n type epitaxial layer 2' and the n type epitaxial layer 2' 
is dry-etched. 

Thereby, multiple trenches 3 are formed With enough 
depth, for example, for the semiconductor substrate 1 to be 
exposed therethrough. The dry etching may be performed 
until the semiconductor substrate 1 is exposed or the n type 
epitaxial layer 2' may remain on bottom portions of the 
trenches 3. The present embodiment shoWs the case Where the 
semiconductor substrate 1 is exposed. 
An opening Width Wt of each trench 3 is, for example, 

approximately 30 um. Thereby, for example, multiple pillar 
like n type ?rst semiconductor layers 2 are formed, each layer 
being spaced apart from one another in the cross-section 
shoWn in FIG. 2B. A pattern on the surface of the semicon 
ductor Wafer may be a stripe form. The Width W1 of the 
semiconductor layer 2 is, for example, approximately 8 pm 
(FIG. 2B). 

After the trenches 3 are formed, thermal oxidation is per 
formed, for example, at 1100° C. for 10 minutes. Thereafter, 
a thermally-oxidized ?lm is removed by Wet etching to 
remove a damaged layer damaged due to trench etching. 

Third step (FIG. 3): On the semiconductor substrate 1, a 
second epitaxial layer (p type epitaxial layer) 4' With an oppo 
site conductivity type of the ?rst epitaxial layer 2' (?rst semi 
conductor layer 2) is formed by an epitaxial groWth method. 
Note that, if the ?rst epitaxial layer (n type epitaxial layer 2') 
remains on the bottom portions of the trenches 3 in the second 
step, the p type epitaxial layer 4' is formed on the remaining 
n type epitaxial layer 2'. A dopant concentration of the p type 
epitaxial layer 4' is, for example, approximately l><l0l6 cm'3 . 

The p type epitaxial layer 4' is formed so as to cover sides 
and upper surfaces of the pillar-like ?rst semiconductor layers 
2 and, here, the semiconductor substrate 1 Which is exposed 
betWeen the ?rst semiconductor layers 2. In addition, the p 
type epitaxial layer 4' has a thickness in the side surface of the 
?rst semiconductor layer 2 (a thickness d1 in the horizontal 
direction of the semiconductor substrate 1) and a thickness d2 
in the upper surface of the ?rst semiconductor layer 2 or the 
surface of the semiconductor substrate 1, and both of the 
thicknesses d1 and d2 are substantially equal. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Fourth step (FIG. 4): The overall anisotropic etching is 

performed on the p type epitaxial layer 4' Without providing a 
mask. By performing the etching until the semiconductor 
substrate 1 betWeen the ?rst semiconductor layers 2 is 
exposed, the upper surfaces of the ?rst semiconductor layers 
2 are exposed because the p type epitaxial layer 4' covering 
the upper surfaces of the ?rst semiconductor layers 2 is also 
removed. Note that, if the ?rst epitaxial layer 2' remains in the 
bottom portions of the trenches 3 in the second step, the 
etching is performed until the remaining ?rst epitaxial layer 2' 
is exposed. In this case, the ?rst epitaxial layer 2' remains in 
the bottom portions of the trenches 3 even in the ?nal structure 
thereof. 

In contrast, the p type epitaxial layer 4' on the side surfaces 
of the ?rst semiconductor layers 2 remains unremoved. For 
this reason, the pillar-like p type second semiconductor layers 
4 are formed adjacent to both sides of the ?rst semiconductor 
layers 2. The Width W2 of the second semiconductor layer 4 
is equivalent to the thickness d1 (:d2) of the p type epitaxial 
layer 4', Which is approximately 8 pm here. Note that the 
Width W1 of the ?rst semiconductor layer 2 and the Width W2 
of the second semiconductor layer 4 can be appropriately 
selected based on characteristics thereof. When a Width is 
narroWed, a dopant concentration is increased. Thus, high 
breakdoWn voltage and loW resistance can be achieved. 

Note that, in the present embodiment, a trench-like space S 
is formed betWeen the second semiconductor layers 4 Which 
are adjacent (opposite) to each other in the present step. 

Fifth step (FIG. 5): Furthermore, a third epitaxial layer (n 
type epitaxial layer) 5' With the same conductivity type as the 
conductivity type of the ?rst epitaxial layer 2' is formed on the 
semiconductor substrate 1 by the epitaxial growth method. A 
dopant concentration of the n type epitaxial layer 5' is, for 
example, approximately l><l0l6 cm'3 and has a thickness d3 
of approximately 8 pm. 
The n type epitaxial layer 5' is formed so as to cover side 

and upper surfaces of the pillar-like second semiconductor 
layers 4 and the upper surface of the ?rst semiconductor layer 
2. Then, the n type epitaxial layer 5' is buried in a position 
betWeen the adjacent second semiconductor layers 4. That is, 
in this case, the thickness d3 of the n type epitaxial layer 5' is 
set to be a half of a distance betWeen the adjacent second 
semiconductor layers 4 (the ?nally formed trench-like space 
S (see, FIG. 5)). Thereby, the n type epitaxial layer 5' is buried 
betWeen the second semiconductor layers 4. In the present 
embodiment, the case Where the third epitaxial layer 5' is 
buried in the space S is shoWn (see, FIG. 5). HoWever, the 
third epitaxial layer 5 is not necessarily (completely) buried in 
the space S and the thickness d3 is not necessarily set to be a 
half of the Width of the space S. That is, a gap may remain in 
the space S. 

Sixth step (FIG. 6A): The overall anisotropic etching is 
performed on the n type epitaxial layer 5' Without providing a 
mask. The etching is performed until the upper surfaces of the 
?rst semiconductor layers 2 and the second semiconductor 
layers 4 are exposed. Thereby, pillar-like n type third semi 
conductor layers 5, Which are adjacent to both sides of the 
second semiconductor layers 4, are formed. A Width W3 of 
the third semiconductor layer 5 is equivalent to the Width W1 
of the ?rst semiconductor layer 2. That is, a Width Wt of the 
trench 3 is appropriately selected in the second step by con 
sidering the Width W1 of the ?rst semiconductor layer 2 (third 
semiconductor layer) and the Width W2 of the second semi 
conductor layer 4. Thereby, all the pillar-like semiconductor 
layers can be formed of epitaxial layer. 

For this reason, a semiconductor Wafer 10 With multiple pn 
junctions (the super junction formed of a p type semiconduc 
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tor layer and an n type semiconductor layer) in the vertical 
direction to the upper surface of the semiconductor Wafer, that 
is, a super junction structure can be formed. 

In addition, in the present embodiment, the ?rst semicon 
ductor layer 2, the second semiconductor layer 4, and the third 
semiconductor layer 5 can be formed by the epitaxial growth 
method, and the thicknesses thereof can be freely controlled. 
Accordingly, the thicknesses of the ?rst to third epitaxial 
layers 2', 4', and 5', can be also thinly formed. For this reason, 
each of the ?rst semiconductor layer 2, the second semicon 
ductor layer 4, and the third semiconductor layer 5 can be set 
to have an aspect ratio of a long side to a short side of, for 
example, 10 to l in a cross-section shoWn in FIG. 6A, that is, 
in the cross-section in Which the multiple pn junctions of the 
semiconductor Wafer 10 are exposed. This means that the ?rst 
semiconductor layer 2, the second semiconductor layer 4, and 
the third semiconductor layer 5 respectively have Widths W1, 
W2, and W3 (short sides), Which are extremely thin in relation 
to lengths (long sides) in the thickness direction of the semi 
conductor Wafer 10. 

If the Widths W1, W2, and W3 of the respective semicon 
ductor layers are narroW, critical ?eld strengths thereof 
become higher in order to increase the dopant concentrations. 
Thus, high breakdown voltage and loW resistance can be 
achieved. 

Moreover, the ?rst to third semiconductor layers 2, 4, and 
5 are all epitaxial layers. Thereby, the dopant concentration 
pro?les in the depth direction of the semiconductor Wafer 10 
become uniform. Thus, the depletion layer can spread uni 
formly, When compared With the case Where these layers have 
a super junction structure formed by ion implantation. 

Furthermore, the ?rst to third semiconductor layers 2, 4, 
and 5 are all epitaxial layers. Thereby, the pn junction sur 
faces can be formed so as to be vertical to the surface of the 
semiconductor Wafer 10. As shoWn in FIGS. 7A and 7B, in a 
case of the super junction structure formed by repeatedly 
performing formation of a multi-layered epitaxial layer and 
ion implantation in the thickness direction of the semicon 
ductor Wafer, the pn junction surface actually becomes undu 
late. Thus, there is a problem that the depletion layer hardly 
spread uniformly in the precise sense. HoWever, in the present 
embodiment, the pn junction surface is a surface Which is 
vertical to the semiconductor Wafer surface, Which alloWs the 
depletion layer to spread uniformly. 

In FIG. 6A, the case Where the semiconductor Wafer 10 is 
completed by causing the third semiconductor layer 5 to be 
buried in a position betWeen the second semiconductor layers 
4 is described. HoWever, if the opening Width Wt of the trench 
3 is Wider, a pillar-like semiconductor layer may be further 
repeatedly formed. 

In other Words, by repeating the above-described third to 
sixth steps, a step of forming another epitaxial layer (for 
example, a p type epitaxial layer) and a step of etching the 
epitaxial layer are repeated to form other pillar-like semicon 
ductor layers, Which are alternately formed to be adjacent 
each other. 

Speci?cally, a p type epitaxial layer 6' is formed after the 
third semiconductor layer 5 is formed (FIG. 6B), and then the 
p type epitaxial layer is etched. Thereby, another pillar-like p 
type semiconductor layer 6 is formed (FIG. 6C). Further 
more, an n type epitaxial layer 7' may be formed and then 
etched to form another pillar-like n type semiconductor layer 
7 (FIGS. 6D and 6E). Also, a p type semiconductor layer and 
an n type semiconductor layer may be further alternately 
formed. 

Note that, if the ?rst epitaxial layer 2' remains on the 
bottom portions of the trenches 3 in the second step, the 
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6 
etching is performed until the remaining ?rst epitaxial layer 2' 
in the bottom portions of the trenches 3 is exposed When a 
pillar-like p type semiconductor layer or a pillar-like n type 
semiconductor layer is formed in the subsequent steps. 
As described above, in the method for processing a semi 

conductor Wafer according to the present embodiment, the 
formation and etching of an n type epitaxial layer and the 
formation and etching of a p type epitaxial layer are alter 
nately repeated for at least three times. Then, all the pillar-like 
semiconductor layers are formed of epitaxial layers. 

Since all the pillar-like semiconductor layers are formed of 
epitaxial layers, the Widths of the respective layers can be 
formed as desired. That is, the Widths of the respective semi 
conductor layers can be narroWed. Thereby, the dopant con 
centrations thereof can be increased. Thus, high breakdoWn 
voltage and loW resistance can be achieved. 

In addition, the dopant concentration pro?les of the respec 
tive semiconductor layers become uniform and thus the pn 
junction surface is formed so as to be vertical to the surface of 
the semiconductor Wafer 10. Thereby, the depletion layer can 
spread uniformly. Thus, the method for processing a semi 
conductor Wafer, With Which the characteristics of the super 
junction structure can be ef?ciently utiliZed, can be provided. 

As described above, in the present embodiment, the case 
Where an n type silicon semiconductor substrate is used as the 
semiconductor substrate 1 has been described as an example. 
HoWever, a p type silicon semiconductor substrate may be 
used. In addition, the case Where an n type semiconductor 
layer (epitaxial layer) is formed in the ?rst step has been 
described as an example. HoWever, a p type semiconductor 
layer may be similarly formed. 

According to the embodiment of the present invention, the 
folloWing effects can be obtained. 

Firstly, all of the p type semiconductor layers and n type 
semiconductor layers forming super junctions are formed by 
epitaxial groWth. Thus, the structure can be obtained in Which 
the p type semiconductor layers and the n type semiconductor 
layers having a uniform impurity concentration pro?le in the 
direction vertical to the surface of the semiconductor Wafer 
are alternately arranged. Thereby, the method for processing 
a semiconductor Wafer having super junctions each With a 
uniformly-spread depletion layer can be provided. 

Secondly, the semiconductor layers forming the super 
junctions are all epitaxial layers. Thus, the pn junctions can be 
formed vertically to the surface of the semiconductor Wafer. 
In the super junction structure Which is formed by repeating 
formation of an epitaxial layer and ion implantation so as to 
form multiple epitaxial layers in the thickness direction of the 
semiconductor Wafer, the pn junction surfaces result in being 
undulate in actual. Thus, there is a problem that the depletion 
layer hardly spreads uniformly in a precise sense. HoWever, in 
the present embodiment, the pn junction surfaces are each 
formed vertically to the upper surface of the semiconductor 
Wafer, Which also alloWs the depletion layers to spread uni 
formly. 

Thirdly, all the semiconductor layers forming the super 
junctions are formed by epitaxial groWth. Thus, the semicon 
ductor layers can each be formed so as to have a desired value 
as the Width (the lengths of the short side) in the cross section 
of the semiconductor Wafer including the multiple pn junc 
tions. 

In other Words, the Widths of the semiconductor layers can 
be reduced compared to those of the conventional semicon 
ductor layers. By reducing the Widths of the semiconductor 
layers, the pinch-offWidth of the depletion layer spreading in 
each of the semiconductor layers also decreases. MeanWhile, 
if the same breakdoWn voltage is maintained, the impurity 
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concentrations of the semiconductor layers can each be 
increased by reducing the Width of the semiconductor layer. 
Accordingly, the resistance of the semiconductor Wafer to be 
a current path When a forWard voltage is applied can be further 
reduced. 

Fourthly, the number of steps for processing a semiconduc 
tor Wafer can be reduced according to the present invention, 
compared With the conventional method in Which multiple pn 
junctions are formed in a thickness direction of a semicon 
ductor Wafer by performing epitaxial groWth and ion implan 
tation. 
What is claimed is: 
1. A method of processing a semiconductor Wafer, com 

prising: 
providing a semiconductor Wafer of a ?rst general conduc 

tivity type; 
groWing a ?rst epitaxial semiconductor layer of the ?rst 

general conductivity type only from the semiconductor 
Wafer; 

etching the ?rst epitaxial semiconductor layer to form a 
plurality of trenches; 

groWing a second epitaxial semiconductor layer of a sec 
ond general conductivity type from the etched ?rst epi 
taxial semiconductor layer so as to leave a void in each 

trench; 
etching the second epitaxial semiconductor layer so as to 

expose a top surface of the ?rst epitaxial semiconductor 
layer; 

groWing a third epitaxial semiconductor layer of the ?rst 
general conductivity type from the exposed top surface 
of the ?rst epitaxial semiconductor layer and the etched 
second epitaxial semiconductor layer in the trenches so 
that the voids are ?lled at least partially With the third 
epitaxial semiconductor layer; and 

etching the third epitaxial semiconductor layer so as to 
expose the top surface of the ?rst epitaxial semiconduc 
tor layer and a top surface of the second epitaxial semi 
conductor layer, 

Wherein the ?rst epitaxial semiconductor layer has sub 
stantially the same impurity concentration as the third 
epitaxial semiconductor layer. 

2. The method of claim 1, Wherein a portion of the ?rst 
epitaxial semiconductor layer damaged during the formation 
of the trenches is removed by thermal oxidation. 
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3. A method of processing a semiconductor Wafer, com 

prising: 
providing a semiconductor Wafer of a ?rst general conduc 

tivity type; 
groWing a ?rst epitaxial semiconductor layer of the ?rst 

general conductivity type from the semiconductor 
Wafer; 

etching the ?rst epitaxial semiconductor layer to form a 
plurality of trenches; 

groWing a second epitaxial semiconductor layer of a sec 
ond general conductivity type from the etched ?rst epi 
taxial semiconductor layer so as to leave a void in each 

trench; 
etching the second epitaxial semiconductor layer so as to 

expose a top surface of the ?rst epitaxial semiconductor 
layer; 

groWing a third epitaxial semiconductor layer of the ?rst 
general conductivity type from the exposed top surface 
of the ?rst epitaxial semiconductor layer and the etched 
second epitaxial semiconductor layer in the trenches so 
that the voids are not ?lled fully With the third epitaxial 
semiconductor layer; 

etching the third epitaxial semiconductor layer so as to 
expose the top surface of the ?rst epitaxial semiconduc 
tor layer and a top surface of the second epitaxial semi 
conductor layer; 

groWing a fourth epitaxial semiconductor layer of the sec 
ond general conductivity type from the exposed top sur 
faces of the ?rst and second epitaxial semiconductor 
layers and the etched third epitaxial semiconductor layer 
in the voids; and 

etching the fourth epitaxial semiconductor layer so as to 
expose the top surfaces of the ?rst and second epitaxial 
semiconductor layers and a top surface of the third epi 
taxial semiconductor layer. 

4. The method of claim 3, Wherein impurity concentration 
pro?les of the ?rst to fourth epitaxial semiconductor layers 
are uniform in a direction vertical to the semiconductor Wafer 
surface. 

5. The method of claim 1, Wherein the ?rst epitaxial semi 
conductor layer is groWn from the semiconductor Wafer so as 
to be substantially ?at. 


